Abstract-The Assessment of Capacity for Myoelectric Control (ACMC) is an observation-based tool that evaluates ability to control a myoelectric prosthetic hand. Validity evidence led to ACMC version 2.0, but the test-retest reliability and minimal detectable change (MDC) of the ACMC have never been evaluated. Investigation of rater agreements in this version was also needed because it has new definitions in certain rating categories and items. Upper-limb prosthesis users (n = 25, 15 congenital, 10 acquired; mean age 27.5 yr) performed one standardized activity twice, 2 to 5 wk apart. Activity performances were videorecorded and assessed by two ACMC raters. Data were analyzed by weighted kappa, intraclass correlation coefficient (ICC), and Bland-Altman method. For test-retest reliability, weighted kappa agreements were fair to excellent (0.52 to 1.00), ICC 2,1 was 0.94, and one user was located outside the limits of agreement in the Bland-Altman plot. MDC 95 was less than or equal to 0.55 logits (1 rater) and 0.69 logits (2 raters). For interrater reliability, weighted kappa agreements were fair to excellent in both sessions (0.44 to 1.00), and ICC 2,1 was 0.95 (test) and 0.92 (retest). Intrarater agreement (rater 1) was also excellent (ICC 3,1 0.98). Evidence regarding the reliability of the ACMC is satisfactory and MDC 95 can be used to indicate change.
INTRODUCTION
One important rehabilitation goal for upper-limb myoelectric prosthesis users is to increase their functionality so that they can perform their daily activities independently [1] [2] . To achieve this goal, prosthesis users have to learn how to control the myoelectric prosthetic hand [3] [4] , such as using appropriate grip force or maintain holding objects in motion [4] . For evaluation of the client's progress in learning to control the prosthetic hand, a reliable and valid instrument that evaluates the ability to control a myoelectric prosthetic hand is needed.
Different instruments have been used to measure functional outcomes in users of upper-limb prostheses [5] [6] [7] . Although some of them have been used for many years in clinical practice, their validity evidence for the upper-limb prosthetic group has not been fully investigated [5, 8] . One instrument, the Assessment of Capacity for Myoelectric Control (ACMC) [9] [10] [11] , has been acknowledged in the field for its rigorous psychometric evaluations [5] and its potential to measure progress in users of upper-limb myoelectric prostheses [12] . The ACMC is an observationbased assessment that evaluates a person's ability to control a myoelectric prosthetic hand in bimanual activities [10] . The original ACMC (version 1.0) consists of 30 items, and its validations were carried out using Rasch analysis [10] [11] . The results from the analyses led to item combination, clarification of item definition, and rating category redefinition [11] . Consequently, the ACMC version 2.0 consists of 22 items with a revised rating scale [13] . In both versions, an important aspect of ACMC that has not been evaluated is the stability of ACMC measures over time. This is usually evaluated in a test-retest situation, assuming that the individuals have not changed between the test and retest sessions [14] . Changes in level of fatigue or other personal factors from the test to retest sessions can affect the assessment scores [15] , and rater inconsistency can also affect the scores, which has been shown in a rater agreement study of ACMC version 1.0 [9] . Another important clinical aspect of an instrument is the minimal detectable change (MDC) [16] [17] . The MDC suggests the smallest change that can be detected by the instrument beyond measurement error [17] [18] [19] . For instruments that have an evaluative purpose, such as ACMC, the MDC is a useful clinical value to suggest whether a change between assessments is due to measurement error or true change. Hence, before ACMC version 2.0 can be recommended to measure change in the ability for myoelectric control, it is necessary to examine the stability of ACMC measures over time in a test-retest situation and estimate the MDC.
Being an observation-based assessment, the reliability of ACMC assessment scores also depends on the consistency of the raters. Even though intra-and interrater agreements have been evaluated in ACMC version 1.0 [9] , it is necessary to evaluate ACMC version 2.0's interrater agreement because it has a revised rating scale and revised definitions in several items. The aim of the present study was to evaluate test-retest reliability and rater agreements of ACMC version 2.0.
METHODS

Participants
Potential participants were recruited from two hospitals in Sweden: the Limb Deficiency and Arm Prosthesis Centre (LDAPC) at the Örebro University Hospital and the Center for Arm Amputees at the Red Cross Hospital in Stockholm. They were regular patients who attended the centers for prosthetic rehabilitation services. In order to examine whether the ACMC could produce consistent measurements, we aimed to recruit users of upper-limb myoelectric prostheses who were able to exercise stable myoelectric control. Therefore, we excluded prosthesis users who were (1) new users or just fitted with a new prosthesis, (2) not able to attend the clinic within 5 wk for the retest session, or (3) undergoing prosthetic training between test and retest sessions. According to Bonett [20] , a sample of 21 subjects is required for a reliability study with two raters using intraclass correlation coefficient (ICC) and a desired precision of 0.2 and α value of 0.05. Twenty-five prosthesis users participated in the study between September 2009 and June 2012. Information about the study was given to the potential participants when they arrived at the centers. Formal written consent was obtained directly from the participants or, in the case of small children, from the parents. Demographic data were retrieved from the participants' medical records and are presented in Table 1 . Ethical approval was obtained from the Uppsala Ethical Committee in Sweden.
Outcome Measures
Assessment of Capacity for Myoelectric Control Version 2.0 ACMC 2.0 consists of 22 items that assess six different aspects related to capacity for myoelectric control: the need for external support, grip force, coordination of both hands, different positions and in motion (timing), repetitive grasp and release, and the need for visual feedback. All items are rated on a four-point rating scale: 0 = not capable, 1 = somewhat capable, 2 = generally capable, and 3 = extremely capable. This gives a maximum raw score of 66. During an ACMC session, the prosthesis user performs a bimanual activity, either self-chosen or standardized. A certified ACMC rater observes how the prosthesis user controls the myoelectric prosthetic hand during the activity and rates the items. The potential influence of the activities on the ACMC ability measures was examined previously and shown to have no significant effect on the result [21] . In the present study, each participant performed a standardized activity in the test and retest sessions.
Prosthesis wearing time, that is, the number of hours the participant wore the prosthesis each day, was reported verbally by the participants or their parents. At the 
Assessment of Capacity for Myoelectric Control Version 2.0 Procedure
Each participant (n = 25) performed a standardized activity twice, at 2-5 wk apart. In order to achieve an even distribution of the activities for the sample, the allocation technique "minimization" [22] was used to assign the six standardized activities to the participants. The standardized activities were "repotting a plant" (4 participants), "a ready-to-assemble project" (5 participants), "setting a table for four persons" (4 participants), "mixing a store-bought cake/pudding mix" (4 participants), "sorting bills or pictures" (4 participants), and "packing a suitcase for overnight stay" (4 participants). The activity room, the standardized activity, the materials, and their locations were the same in both sessions. The same occupational therapist (n = 6) gave the instructions about the activity procedure in both sessions. All performances were recorded on DVDs. Two experienced ACMC raters, rater 1 (5 yr clinical experience) and rater 2 (15 yr clinical experience), assessed the prosthesis users using the ACMC version 2.0 manual [13] . For test-retest reliability and interrater agreements, both raters assessed the participants separately in both test and retest sessions. For intrarater agreement, rater 1 assessed the test session video recordings twice, at a 4-5 wk interval.
Data Analysis
Test-Retest Reliability
Quadratic weighted κ [23] was used to examine testretest agreement of individual items. Percentage agreement (PA) of each item for both sessions was also calculated. The strength of weighted κ was interpreted according to Fleiss et al.'s guidelines [23] : poor agreement for κ  0.40, fair to good agreement for 0.41 < κ < 0.75, and excellent agreement for κ  0.75.
The ACMC is a Rasch-built measure [9] [10] [11] 21] , and the assessment result is routinely reported in Rasch ability measures. Therefore, the item raw scores are converted to Rasch ability measures using the Many-Facets Rasch Model (MFRM) [24] . The Rasch model (a formula) uses odds and natural logarithms to convert ordinal raw scores into interval measures [24] [25] , which gives a more accurate measure of ability. The unit of Rasch measure is logits (natural log of odds), and logits of greater magnitude represent increasing user ability. Each ability measure is accompanied by standard error (SE), which shows the precision of the measure. Detailed explanation of Rasch analysis and MFRM are described elsewhere [24, [26] [27] . In the present study, the MFRM calibrated a raw score range of 0-66 for ACMC to an ability range of 6.29 to 7.42 logits. Each participant had two ability measures, one for each session. The participant ability measures were normally distributed (with Shapiro-Wilk test) and were used to compute an ICC 2,1 (two-way random effects model) [28] [29] . The ICC is the ratio of between-groups variance to total variance [29] . As suggested by Kottner et al.'s guidelines for reporting reliability [30] , ICC > 0.70 is good for research purposes and > 0.90 is needed for clinical purposes.
The Bland-Altman method [31] [32] was used to examine the agreement of ACMC ability measures between both sessions. We calculated the difference in ability measures from both sessions for each participant and the 95 percent limits of agreement (LOA) of the mean difference for the whole group. The 95 percent LOA was estimated by mean difference ± 1.96 standard deviation of the differences. As recommended by Bland and Altman [33] , 95 percent of differences between measurements of the two sessions are expected to lie within the LOA. This difference is visualized in the Bland-Altman plot, where the individual differences are plotted against the mean of the two test sessions [33] .
The amount of measurement error was calculated using the standard error of measurement (SEM). SEM quantifies the actual size of measurement variability in the same unit as the ACMC logits. The SEM was calculated using the mean squared error (MSE) from two-way analysis of variance, where SEM = MSE [34] . The SEM was then used to determine the MDC, which represents the smallest change necessary to exceed the measurement error of two measures to indicate a real change [16] [17] [18] . For a 95 percent confidence level of MDC, that is, MDC 95 , which is an appropriate level for clinical use, the MDC 95 was calculated using the formula MDC 95 = SEM × 1.962 [18] . The MDC 95 can be expressed as percentage of the total possible ability range of the instrument [35] [36] [37] , and as stated earlier, the total possible ability range is 0-66 raw scores or 6.29 to 7.42 logits (i.e., 13.71 logits).
Rater Agreements
Intrarater agreement for the test session was calculated for rater 1 and interrater agreements between the two raters were calculated for each session. PA and quadratic weighted κ statistics were used to examine rater agreement at the item level. Again, Fleiss et al.'s guidelines were used to interpret the weighted κ [23] . The ICC 3,1 (a two-way mixed effect model) was used to examine intrarater agreement and ICC 2,1 (a two-way random effect model) was used to examine interrater agreements. Again, Kottner et al.'s guidelines for reporting reliability was used to interpret the magnitude of ICC [30] .
All data were analyzed using SPSS 21.0 (IBM Corporation; Armonk, New York) and FACETS Many-Facets software program 3.70.2 (Winsteps; Chicago, Illinois). A syntax for SPSS from IBM SPSS support [38] was downloaded for the calculation of weighted κ in SPSS.
RESULTS
Test-Retest Reliability
Weighted κ  0.75 was shown in 11 items and their PAs were 74-100 percent; weighted κ 0.52-0.73 was shown in the remaining items and their PAs were 66-96 percent ( Table 2 ). The item "grasping with support" was scored with one rating category only, and hence, no weighted κ was calculated. This item was performed extremely capably, i.e., scored as 3, by all participants in both sessions. This is because this item is easily performed by prosthesis users who have acquired the basic prosthetic control. The average weighted κ was 0.76 (excluded 1 item with no weighted κ) and average PA was 85 percent. Test-retest ICC 2,1 was 0.94 (95% confidence interval [CI] 0.86-0.97).
The participant ability range for the test session was 0.71 to 2.79 logits (mean 0.97 logits, SE 0.23 logits);
for the retest session it was 0.82 to 2.61 logits (mean 0.96 logits, SE 0.23 logits). In the Bland-Altman plot (Figure) , the upper and lower LOA were 0.86 and 0.88, respectively. All except one participant, a non-full-time prosthesis user, were within the 95 percent LOA.
The SEM was 0.19 logits (rater 1), 0.20 logits (rater 2), and 0.25 logits (both raters together). This gave an MDC 95 of 0.52 logits (rater 1), 0.55 logits (rater 2), and 0.69 logits (two raters). All MDC 95 values were  5 percent of the total ability logit range of 6.29 to 7.42 (13.71 logits).
Rater Agreement
Weighted κ  0.75 was shown in 16 items (PA 68%-100%) for the test session and in 11 items (PA 72%-100%) for the retest session ( Table 2) . Weighted κ 0.44-0.74 (PA 56%-96%) was shown in the remaining items in both sessions. One item in the test session and three items in the retest session were scored with one rating category only, and hence, no weighted κ was calculated. The average weighted κ for the test session was 0.82 and for the retest session it was 0.76 (excluding the items with no weighted κ in both sessions). The ICC 2,1 between the raters was 0.95 (95% CI 0.87-0.98) for the test session and 0.92 (95% CI 0.80-0.96) for the retest session.
For intrarater agreement of rater 1, the weighted κ values of the test session were all >0.80 and the PAs for each item were 96 percent. The ICC 3,1 for the test session was 0.98 (95% CI 0.95-0.99). 
DISCUSSION
This study is the first test-retest reliability assessment of ACMC and the second rater agreement evaluation of ACMC. Overall, the results from ICC, weighted κ, and the Bland-Altman plot support the test-retest reliability of ACMC version 2.0. The ICCs and weighted κ values also support rater agreements.
Evidence of test-retest reliability in upper-limb prosthetic outcome measures is sparse [7] . This is partly because only a handful of outcome measures have been validated with upper-limb prosthesis users [6] and partly due to the difficulty in recruiting users for the retest session because many of them do not live near the prosthetic clinics. Since the development of ACMC, two more outcome measures that measure prosthetic function have been developed [39] [40] and test-retest reliability was also evaluated in these two measures [40] [41] . The ICC that we obtained is similar to the ICC in one of the measures [40] and higher than the other outcome measure [41] . This could be due to the wide range of ability in our sample because the ICC value is highly dependent on between-subject variance. In our study, the test-retest reliability of ACMC was examined among prosthesis users with different causes of limb absence, a wide age range, and varying prosthetic experience and wearing time. This was advantageous because we covered a wide range of subjects at whom the test is aimed. The results from the item weighted κ values were also excellent but were not as high as the test-retest ICC values. This is probably because some of the items were rated using only two of the rating scale categories instead of all four, and hence, a low weighted κ value was obtained. The Bland-Altman method is independent of between-subject variance [31] and the majority of participants were with the 95 percent LOA, suggesting good agreement of participant ability measures from both sessions. Consequently, these three statistical methods provide evidence about the test-retest reliability of ACMC, which demonstrates that ACMC can produce consistent results.
The Bland-Altman plot was used to visualize the agreement of the test and retest sessions. One non-fulltime prosthetic user fell outside the LOA of the BlandAltman plot, indicating a good agreement between the test and retest sessions. In general, non-full-time users tended to be scattered slightly wider than full-time users in the plot. Although the sample was too small to draw any conclusion, prosthetic wearing time possibly played a role in the stability of ACMC measures. Wearing the prosthesis for >8 h/d gives the user the opportunity to use the device more often than non-full-time users, which may contribute to a more stable level of ability to control the prosthesis. Furthermore, for prosthesis users, it may take a lot of mental and physical effort to control a myoelectric prosthesis [42] , and if the user is stressed or tired, his or her ACMC score could fluctuate unsystematically. Full-time users may have learned to live with their prostheses, and the related stress or tiredness could be lower than in non-full-time users. Further research on the relationship between prosthetic wearing time and ACMC ability measures could provide a better understanding of this relationship. This is the first study to calculate the MDC regarding the use of ACMC to measure the ability to control a myoelectric prosthetic hand. The results showed MDC values <5 percent of the total possible ability range. The newly developed Activities Measure for Upper-Limb Amputees (AM-ULA) used raw scores for the calculation of MDC, and an MDC of 4.4 was reported [40] . It is not easy to compare the MDC values of the ACMC and the AM-ULA because these two instruments are quite different in their assessment procedures. Although unilateral users rarely use the prosthesis to perform one-hand activities [43] [44] [45] [46] , the AM-ULA requests unilateral users to perform such activities with the prosthesis so that the assessment can be compared with the use of a sound limb and a ceiling effect is also avoided. In contrast, ACMC assesses how the prosthesis is normally used to assist the sound hand to perform bimanual activities. It has been reported that prosthesis users prefer to be assessed in their usual way of using the prosthesis [47] , and consistent results are observed if they are allowed to perform the activities in their usual way [43] . Both assessment procedures are useful for different purposes, and it is important for clinicians to be aware of the different assessment procedures before they evaluate their clients. Now that the MDC for ACMC is calculated, further research can estimate the minimal clinically important difference (MCID) [48] [49] [50] . The MCID is the threshold at which a person or a group has just begun to experience what is an important improvement [50] .
The results of rater agreements served two purposes in the present study. One purpose was to show whether the redefined rating categories and newly combined items were well understood. The other purpose was to assess overall reliability of the data and provide a glimpse of the influence of rater agreement on test-retest agreement. For the first purpose, the results confirmed that the redefined and newly combined items were well understood. Compared with rater reliability of ACMC version 1.0 [9] , the average weighted κ was higher in the present study. One reason could have been that the rating category definitions and item definitions are clearer in ACMC 2.0. A relatively low PA and weighted κ were found for two items: "grasping without visual feedback" and "releasing without visual feedback." It was not easy to assess these two items from the video recordings. From clinical experience, we know that these two items are easier to see from live ACMC assessments than from recordings. Further research comparing live and recorded ACMC assessments would improve our knowledge about the use of these two items. For the second purpose, the average weighted κ values of interrater agreement for each session were higher than the average weighted κ of the test-retest agreement. This supports the assumption that part of the variation originated from the prosthesis users, as discussed earlier.
One methodological concern was the recruitment of prosthesis users. The sample recruited to examine the test-retest reliability of an instrument must be sufficiently stable so that errors from the instrument itself or the measurement procedure can be estimated. For the present study, different criteria for the recruitment of stable prosthesis users were set. ACMC is designed for users of upper-limb myoelectric prostheses with different personal characteristics. Therefore, we decided to recruit users with different prosthetic wearing times and years of experience. Non-full-time users seemed to be less stable than full-time users, which could have introduced more errors into their measurements. Another methodological concern was the interval between the test and retest sessions. We chose to wait for at least 2 wk before retesting the prosthesis users because we wanted to avoid any carryover effect, such as improvement in skill [15] . Some users rescheduled their retest sessions to within 5 wk, and we decided to include them in the study. The longer interval could also have contributed to larger variation between the two sessions. A third methodological concern was whether to collect data from live clinical situations or to use video recordings. We chose the latter because it gave us the opportunity to watch the performances repeatedly. However, video recordings may affect the behavior or performance of the prosthesis users differently in different sessions, thus influencing the testretest results. Furthermore, the two raters were involved in video recording of some of the participants, which could have influenced their scores on some participants. This probably affected the interrater agreements of several items, as discussed earlier.
We used both ICC and weighted κ statistics to analyze different aspects of ACMC reliability. Weighted κ values were used for categorical data because they take into account the magnitude of the discrepancy in categorical data [23] . However, the weighted κ values depend on the number of categories used to rate the item [51] , and this was shown in some of the items with relatively low κ values but high PAs. It has been suggested that ICC is equivalent to weighted κ [52] . However, we chose weighted κ at the item level and calculated the average weighted κ value because we wanted to compare the weighted κ results with a previous rater agreement study of ACMC [9] . Nevertheless, the results showed that the agreement for all items in the test-retest sessions was fair to excellent. The use of both ICC and item weighted κ values provided different evidence about the test-retest reliability of ACMC, which gave a better picture of the reliability of ACMC. The SEM was calculated for the first time in ACMC, and the assessments were rated by two experienced raters with different clinical experience. Experienced raters score more consistently than inexperienced raters [9] ; thus, it is possible that the SEM is larger for less-experienced raters because their error rate is higher.
Despite the study limitations, the results of the present study demonstrate different aspects of the reliability of ACMC version 2.0. Based on these results, we can recommend ACMC as a tool to follow the progress of users in controlling their myoelectric prostheses. The MDC is clinically useful for ACMC raters as a guideline to indicate whether the change is real.
CONCLUSIONS
Evidence regarding the stability of ACMC version 2.0 measures over time is satisfactory and the MDC value can be clinically useful. Further research is needed to determine the MCID and the responsiveness of ACMC. 
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